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A B S T R A C T
A new rhabdocoel of the genus Syndesmis Silliman, 1881 (Umagillidae) is described from the intestine of the New
Zealand sea urchin Evechinus chloroticus (Valenciennes, 1846) Mortensen, 1943a. This new species, Syndesmis
kurakaikina n. sp., is morphologically distinct and can easily be recognised by its very long (± 1mm) stylet and
its bright-red colour. In addition to providing a formal description, we present some observations on re-
production and life history of this new species. Fecundity is comparable to that of other umagillids and the rate
of egg production and development increases with temperature. Hatching in this species is induced by intestinal
ﬂuids of its host. Relevant to global warming, we assessed the eﬀect of temperature on survival, fecundity, and
development. The tests indicate that Syndesmis kurakaikina n. sp. is tolerant of a wide range of temperatures
(11–25 °C) and that its temperature optimum lies between 18.0 and 21.5 °C. Egg viability is, however, sig-
niﬁcantly compromised at the higher end of this temperature range, with expelled egg capsules often being
deformed and showing increasingly lower rates of hatching. Given this, a rise in global temperature might
increase the risk of Syndesmis kurakaikina n. sp. infecting new hosts and would possibly facilitate the spread of
these endosymbionts.
1. Introduction
Evechinus chloroticus (Valenciennes, 1846) Mortensen, 1943a,
known generally by its Māori name ‘kina’, is an echinometrid sea urchin
endemic to coasts of New Zealand. It has a broad geographical dis-
tribution around the main islands of New Zealand and is most com-
monly found in shallow, moderately exposed waters (Barker, 2013). As
an important grazer of kelp and other macroalgae, this echinoid plays a
keystone role in local ecological communities (Villouta et al., 2001).
Evechinus chloroticus also has considerable economic and cultural value,
as these urchins are commercially harvested to supply ‘roe’ (the edible
gonads) to (mainly) domestic markets, and kina are an important
component of local customary and recreational ﬁsheries (Miller and
Abraham, 2011). As echinoderms are particularly vulnerable to ex-
ternal stressors, especially in the early life stages (Przeslawski et al.,
2015), much research has been conducted to estimate their response to
current and near-future anthropogenic climate change (e.g., Wood
et al., 2008; Byrne et al., 2009; Dupont et al., 2010). For the speciﬁc
case of E. chloroticus, ocean acidiﬁcation, temperature increases, and
ﬂuctuations in salinity around New Zealand will likely have severe
impacts on kina populations (Clark et al., 2009; Delorme and Sewell,
2013, 2016).
A factor yet to be considered in this scenario is the eﬀect of climate
change on the (endo)symbiont communities associated with E. chlor-
oticus. In other taxa, increased temperatures have been found to be
positively correlated with infectivity as well as with the production and
emergence of free-swimming life stages of parasites (e.g., Poulin, 2005;
Macnab and Barber, 2011). However, life-history traits of parasites not
only vary with diﬀerent abiotic conditions but are also dependent on
changes in the host environment (see review by Altizer et al., 2013). On
https://doi.org/10.1016/j.ijppaw.2019.07.005
Received 30 April 2019; Received in revised form 9 July 2019; Accepted 10 July 2019
* Corresponding author.
E-mail addresses: marlies.monnens@uhasselt.be (M. Monnens), efro833@aucklanduni.ac.nz (E.J. Frost), clarkrmb@gmail.com (M. Clark),
m.sewell@auckland.ac.nz (M.A. Sewell), maarten.vanhove@uhasselt.be (M.P.M. Vanhove), tom.artois@uhasselt.be (T. Artois).
IJP: Parasites and Wildlife 10 (2019) 71–82
2213-2244/ © 2019 The Authors. Published by Elsevier Ltd on behalf of Australian Society for Parasitology. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).
T
the other hand, parasite diversity may be negatively aﬀected by climate
change, with projections predicting extinction of substantial propor-
tions of parasite species (Carlson et al., 2017). Making generalised
predictions on the eﬀects of a changing climate on parasitism, there-
fore, remains a complex challenge and diﬀerent species can be expected
to show diﬀerent ecological responses (Marcogliese, 2001).
Studies addressing the parasite and/or (endo)symbiont commu-
nities of E. chloroticus are limited: McRae (1959) observed several
bright-red ﬂatworms (Platyhelminthes Minot, 1876) in the urchin's
intestine. He considered these ﬂatworms to represent a new species of
Syndesmis Silliman, 1881 (Umagillidae, Rhabdocoela) but provided
only a very brief characterisation. What is presumed to be the same
species was later reported from the same host by Dix (1970) and, more
recently, James (2007) also reported an infection of Syndesmis sp. in the
gut of E. chloroticus. However, a detailed taxonomic account of this
umagillid is still lacking and, to our knowledge, no preserved material
of this species exists.
In this study, a new species of Syndesmis is described that was found
infesting E. chloroticus in large numbers. Light microscopy, diﬀerential-
interference contrast (DIC), and scanning electron microscopy (SEM)
were used to study its morphology. In addition, the diﬀerent life stages
of this species were investigated in detail through a range of in vitro
experiments to assess the eﬀect of increasing sea-water temperatures on
the life-history traits of this ﬂatworm.
2. Materials and methods
2.1. Sampling of endosymbionts
Adult specimens of E. chloroticus were collected from dense ag-
gregations of sea urchins at 2–4m depth by free-diving at Matheson's
Bay (36°18′10″S, 174°47′57″E) or Omaha Cove (36°17′30″S,
174°48′33″E), on the north-east coast of New Zealand. Sea urchins were
transported to the city campus of the University of Auckland and kept in
aerated tanks (30 urchins per 80L tank) of UV-irradiated, autoclaved
and ﬁltered (1 μm mesh) seawater (AFSW); 50–100% of the seawater
was changed every 2–3 days. Urchins were kept under constant en-
vironmental conditions (18.0 °C; 12:12 light:dark cycle) and fed every
three days to satiation with fresh kelp [Ecklonia radiata (Agardh, 1817)
Agardh 1848]. Urchins were taken from this tank within one week of
collection for extraction of ﬂatworms. Sea urchins that were later used
to provide intestinal ﬂuids for hatching experiments were transferred to
aerated seawater buckets (one 10L bucket per 5–6 urchins; all en-
vironmental and feeding conditions as described above). No ethical
approval was required for collection or maintenance of the sea urchins
under New Zealand law.
Live endosymbionts were collected from the intestinal compartment
of E. chloroticus by cutting the aboral half of the sea urchin test using
scissors (Fig. 1A). Live ﬂatworms (Fig. 1B and C) were ﬂushed from the
intestines using plastic transfer pipettes and placed in 24-ml glass
scintillation vials ﬁlled with AFSW for preservation or incubation ex-
periments as described below.
2.2. Morphological characterisation and species description
To examine the general morphology of collected ﬂatworms, speci-
mens were ﬁxed in 4% formalin and subsequently transferred to a 70%
EtOH solution. Specimens intended for whole-mounts were then
cleared and preserved in lactophenol on glass microscope slides. Study
of non-sclerotised morphological structures used 4-μm serial sections
prepared from paraﬃn blocks cut in sagittal, frontal, and transverse
orientations. Sectioned specimens were stained with Haidenhein's
haematoxylin and eosin as counterstain.
Prepared slides were photographed using a Leica DM2500 LED
microscope equipped with the Leica Application Suite X (LAS X) soft-
ware. DIC was used for whole-mounts and standard light microscopy
settings for histological sections. As the position of the sclerotised part
of the copulatory organ could not be captured in a single photograph,
we compiled a single, projecting image from 36 photographs together
Adobe Photoshop CS5.1. Scaled drawings of internal structures were
produced using a camera lucida, scanned, and traced using the pen tool
in Adobe Illustrator CS5.1. Positions of internal structures are expressed
as a percentage of total body length (distance from the anterior tip of
the body). Measurements were taken along the central axis of each
structure.
Intact and broken (hatched) egg capsules from Syndesmis were ob-
tained from temperature-incubation experiments, as described below,
during the late winter. Egg capsules were ﬁxed for 1 h in 2.5% glutar-
aldehyde in phosphate buﬀer (0.1 M phosphate, 0.14M sodium
chloride, pH 7.4), rinsed in phosphate buﬀer for 15min, and post-ﬁxed
for 1 h in 2% osmium tetroxide in the same phosphate buﬀer. Following
the second ﬁxation, capsules were rinsed twice for 10min in phosphate
buﬀer, dehydrated in an ascending series of ethanol (30%, 50% and
70% EtOH, 15min each), and stored in 70% ethanol for 36 h before
continuing the dehydration process through the ethanol series (90%,
95%, and two changes of 100%, 15min each). Capsules were critical-
point dried with 99.99% CO2, coated with platinum (20 nm), and ex-
amined with a Quanta 200 FEG ESEM scanning electron microscope.
The holotype specimen has been deposited in the natural sciences
collection of the Auckland museum in New Zealand (AIM MA73591).
Paratypes were also deposited here (AIM MA73592-MA73595), as well
as in the collections of the research group ‘Zoology: Biodiversity and
Toxicology’ of Hasselt University (UH 725-737) and in the zoological
collections of the Finnish Museum of Natural History (MZH KV623-
632). Species authorships are by Monnens, Vanhove & Artois
(International Commission on Zoological Nomenclature, 2015).
2.3. Reproductive characteristics
Endosymbionts were experimentally manipulated to obtain egg
capsules and to provide preliminary information on the length of de-
velopment and time to hatching. We exposed individuals to ﬁve bio-
logically relevant temperatures from 11.0 to 25.0 °C. This covers the
temperature range that E. chloroticus is currently exposed to in its
natural environment in Northern New Zealand (13–23 °C, Shears and
Bowen, 2017) plus and minus 2 °C. These temperatures were chosen to
represent temperatures experienced by urchin populations located
slightly further south (11.0 °C) and the expected summer temperature
urchins will be subjected to due to ocean warming by the year 2090
(25 °C, IPCC, 2014). Experiments were repeated in autumn (April),
early winter (June), late winter (August), and spring (October) when
local sea surface temperatures were 20.5, 16.0, 14.5, and 15.0 °C, re-
spectively.
Preliminary experiments identiﬁed AFSW as a suitable medium for
short-term incubation of the ﬂatworms, provided the sea urchin in-
testinal ﬂuids were removed by ﬁrst rinsing the worms in AFSW (Clark,
2017, unpublished Honours Dissertation). Four clean, adult worms
were placed into 25 fully ﬁlled 24-ml glass scintillation vials of AFSW
and cultured for four days in an aluminium temperature block with a
gradient of temperatures between the cold (5.0 °C) and hot (30.0 °C)
water baths at opposite ends. Flatworms were incubated at ﬁve dif-
ferent temperatures (11.0, 14.5, 18.0, 21.5, and 25.0 °C), with ﬁve
biological replicates: four worms in each replicate, taken from the same
urchin specimen, and one control (AFSW ﬁlled vials without worms)
that was used to monitor the temperature throughout the course of the
study using a digital thermometer (Jenway 3510 pH Meter).
A pilot study conﬁrmed a high rate of survival (82%) for ﬂatworms
maintained in seawater for the ﬁrst four days, subsequent to which the
animals started to senesce. Every 24 h for the 4-day incubation, each
vial was checked for ﬂatworm survival, with animals identiﬁed as dead
through lack of attachment and loss of their bright-red colour. After
four days, adult worms were removed from the 24-ml scintillation vials
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and the seawater was transferred into a Petri dish, where the number of
egg capsules (fecundity) was counted using a dissecting microscope at
6x magniﬁcation. After counting, the AFSW in each vial was replaced
and the vials were returned to the temperature block for long-term
monitoring of capsule development. Each week, the stage of embryo
development was determined by transferring isolated capsules onto
depression slides and photographing them on a Nikon Ti-E inverted
microscope at 400x magniﬁcation using the NIS-Elements AR 3.2 64-bit
Imaging Software (standard and real-time EDF photos).
Hatching success in the diﬀerent temperatures was tested in a 1:1
mixture of sea urchin intestinal ﬂuid and AFSW. Intestinal ﬂuid was
obtained from dissected sea urchins by cutting the anterior part of the
intestines and squeezing out the contents into a glass Petri dish using
forceps. Due to the small quantity of intestinal ﬂuid that could be ob-
tained, hatching trials were conducted in plastic 96-well tissue-culture
plates placed on top of the incubation block at 16.5, 18.0, 20.0, 22.0,
and 24.5 °C. Capsules were ﬁrst tested after ca. two weeks, when a
subset of the embryos was ﬁrst observed moving in the capsules, by
incubating the capsules in intestinal-ﬂuid-AFSW for four days. Hatched
capsules were counted and photographed. Unhatched capsules were
returned to the source vial with AFSW and incubated for a further two
weeks. The hatching test was then repeated at approximately four
weeks post-laying in the intestinal ﬂuid-AFSW solution.
Using RStudio v0.98.1103 (R Development Core Team, 2017), a
Linear Mixed Model (LMM) was used to analyse the number of egg
capsules laid in the diﬀerent temperature treatments during the four
diﬀerent seasons. The data were log-transformed to satisfy the under-
lying assumption of homoscedasticity required by the LMM. The model
also included a random eﬀect term to allow for correlations between
multiple measurements (endosymbionts) from each urchin. Note that
while a Generalised Linear Mixed Model would have been preferred for
this low-value count data, this model would not converge and hence the
log-transformed LMM was used as the best alternative. Pairwise com-
parisons of means were made between temperatures within seasons and
between seasons within temperatures, using Tukey's Honestly Sig-
niﬁcant Diﬀerence tests to adjust for multiple comparisons. The
α=0.05 level of signiﬁcance was used.
3. Results
3.1. Taxonomic account
Syndesmis kurakaikina n. sp. Monnens, Vanhove and Artois.
Type locality. Matheson's Bay (36°18′10″S, 174°47′57″E), on the
north-east coast of New Zealand.
Type host. Evechinus chloroticus (Echinometridae, Echinoidea).
Type material. Twenty whole-mounts made permanent with lac-
tophenol, one of which was designated the holotype (AIM MA73591),
the rest paratypes (AIM MA73592; UH 725-732; MZH KV623-628). Six
sagittally sectioned, four frontally sectioned, and three transversely
sectioned specimens, all of which were designated paratypes (AIM
MA73593-73595; UH 733-737; MZH KV629-632).
Etymology. The species epithet refers to the Māori terminology for
‘bright red’ (kura), ‘to eat’ (kai) and the type host, E. chloroticus (kina).
Occurrence in host. Typically at low infection intensity of ~10
specimens per sea urchin. However, the number of ﬂatworms observed
in the intestines of urchins from northern New Zealand in the summer
of 2016 was unusually high, with counts ranging from 29 to 368 and an
average of 165 (n=72).
Notes on terminology. The terminology pertaining to the diﬀerent
components of the (female) reproductive system in representatives of
Syndesmis has become confusing. For instance, the term ‘female antrum’
(or ‘antrum feminum’) has been used inconsistently, as it sometimes
refers to the distal end of the uterus (e.g., Smith, 1973), and sometimes
to the (often-expanded) posterior end of the vagina (e.g., Moens et al.,
1994). Furthermore, diﬀerent terms have often been used to describe
the same structures. For example, the duct connecting the distal end of
the uterus to the ovaries and vitellaria has been called the ‘female duct’
(e.g., Moens et al., 1994), ‘ovovitelline duct’ (e.g., Hertel et al., 1990),
and ‘ductus communis’ (e.g., Hickman, 1956). We suggest employing
the terminology applied in the caption to Fig. 2.
Description. Living specimens have a bright-red colour and can
occur at high infection intensities in the intestines of sea urchins. The
body is ﬂattened dorsoventrally. The anterior and posterior body ends
are rounded (Fig. 3). Body length varies between 1.7 and 2.6mm
(X¯=2.3mm, s= 0.37mm, n= 20) and the body is between 0.7 and
1.5 mm broad (X¯=1.1mm, s= 0.18mm, n= 20) (measured on ﬁxed,
whole-mounted specimens).
Fig. 1. A. Specimen of E. chloroticus showing the
horizontal plane of dissection. B. Urchin intestines
containing ﬂatworms (circled). C. Live specimen of
Syndesmis kurakaikina n. sp., showing its bright-red
colour. Scale bar: 1mm. (For interpretation of the
references to colour in this ﬁgure legend, the reader
is referred to the Web version of this article.)
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The epidermal epithelium is non-syncytial. Each epidermal cell is
anchored to a thin, folded basement membrane. Epithelial nuclei ap-
pear round or oval, with a diameter of approximately 3.5 μm, and occur
in the centre or near the basal end of the cells. Epithelial cells vary in
shape and thickness across the body. Generally, the ventral epithelium
is more ﬂattened, the smallest cells being only 2–3 μm thick. Dorsally,
epithelial cells tend to be more or less columnar to cuboidal in shape
near the caudal and rostral ends, reaching lengths up to 15 μm. In be-
tween these areas, the dorsal epidermal cells are more similar in shape
and size to the ventral epidermal cells. The ventral epidermis is com-
pletely ciliated except for on the posterior 1/10 of the body. The dorsal
epidermis, in contrast, is devoid of cilia, with the exception of on the
ﬁrst 1/10 of the body. Near the anterior end, the epidermis shows a
pronounced ventral invagination (Fig. 4). Within this invagination,
epidermal cells are columnar in shape and comparatively tall, mea-
suring approximately 20 μm and carrying long cilia (up to 15 μm).
Under the basement membrane, two distinct layers of body wall
musculature are visible: an outer circular layer and an inner long-
itudinal layer. Several bundles of muscle ﬁbres pass dorsoventrally
through the body. These ﬁbres are attached to the epidermal basement
membrane or to internal organs (mainly the intestine and the pharynx).
Space between organs is ﬁlled by large parenchyma cells.
The brain is situated immediately rostral to the pharynx. Eyes are
lacking. The mouth is positioned subterminally and it opens directly
into the buccal cavity. This cavity is a simple, small infold of the ventral
epidermis. Epithelial cells in this region are thin and some ﬂattened
nuclei are visible here. No buccal glands were observed. The buccal
Fig. 2. Schematic overview of the female reproductive system in Syndesmis. B: bursa, CGA: common genital atrium, EC: egg capsule, FA: female atrium, ID:
insemination duct, MA: (entrance to) male atrium, Ov: ovary, Ph: pharynx, St: stylet, SR: seminal receptacle, U: uterus, V: vagina, Vit: vitellaria.
Fig. 3. Syndesmis kurakaikina n. sp., holotype specimen whole-mounted in
lactophenol. Diﬀerential-interference contrast. Scale bar: 250 μm. B: bursa, EC:
egg capsule, FG: ﬁlament glands, In: intestine, Ov: ovaria, Ph: pharynx, St:
stylet, SR: seminal receptacle, Vit: vitellaria.
Fig. 4. Syndesmis kurakaikina n. sp., ciliated invagination at the anterior end in
sagittal section. Scale bar: 50 μm. Br: brain.
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cavity is connected to the narrow pharyngeal lumen (Fig. 5: PhL). The
pharynx is of the doliiform type and measures between 122 and 185 μm
in diameter (X¯=147 μm, s= 19.0 μm, n= 20) (Fig. 5). A pronounced
septum separates the pharynx from the surrounding parenchymal tissue
(Fig. 5: S). The pharynx is surrounded by an outer longitudinal muscle
layer (Fig. 5B: LM) and, immediately at the inside of the septum, a
circular one (Fig. 5B: CM). Several thin radial muscles connect the
basement membrane of the pharyngeal epithelium surrounding the
lumen to the septum (Fig. 5B: RM). Small, round nuclei occur in be-
tween these muscles (Fig. 5: N), most of them near to the septum. We
hypothesise that these nuclei might be associated with intrapharyngeal
glands, though these were not clearly visible in any of our specimens.
The pharynx is ﬁlled with granular secretion (Fig. 5B: GS). The epi-
thelium of the pharyngeal lumen is surrounded by an outer longitudinal
and an inner circular muscle layer (Fig. 5B: LM and CM). Both of these
layers consist of numerous, parallel-running muscle ﬁbres. The long-
itudinal muscles run parallel to the pharyngeal lumen and continue
under the epithelium of the oesophagus (Fig. 5: Oe).
Several fragments of dark-staining muscle ﬁbres are visible around
the pharynx. Though we could not trace these in their entirety, they
seem to attach the pharynx to the epidermis. The pharynx is connected
to the intestine through a short oesophagus (34–40 μm, X¯=35 μm,
s=4.1 μm, n=6) (Fig. 5A and B: Oe), lined by a thin epithelium and a
thin layer of longitudinal muscles. Adjacent to the oesophagus lie two
groups of pharyngeal glands (Fig. 5A and B: PhG). Each gland consists
of several large, faintly granular cells, each one containing a single
round nucleus. These glands line the pharyngeal lumen and seem to
empty near the buccal cavity, though this is diﬃcult to observe
(Fig. 5B).
The intestine (Figs. 5A, 6 and 7: In) is a large, lobulated blind sac,
extending from the caudal end of the oesophagus to the bursa. It is
positioned mediodorsally, measures approximately 3/4 of the total
body length (± 1.2 mm), and has a diameter of± 160 μm. Posteriorly,
the intestine tapers toward a narrow end, which extends dorsally to the
seminal receptacle (Fig. 7). The spacious intestinal lumen is lined by tall
columnar cells and contains numerous food particles at diﬀerent stages
of digestion (Fig. 5: FP). Intestinal cell boundaries are indistinct and the
cells contain numerous vacuoles, some of which also contain one or two
relatively large (diameter up to 27 μm) food particles (Fig. 5: FP). Nu-
clei are usually located near the outer surface of the intestine. Here, cell
boundaries are especially diﬃcult to observe. Scattered throughout the
intestinal epithelium are several small, orange coloured lipid droplets.
The middle third of the body is largely occupied by two conspicuous
vitellaria (Figs. 3, 6 and 7: Vit). Both glands are ﬁlled with large amber
coloured vitelline droplets. Each vitelline gland consists of four to ﬁve
main branches, extending forward and laterally and dividing dichot-
omously to form numerous ultimate branches. Positioned just behind
Fig. 5. Syndesmis kurakaikina n. sp. A. Sagittal section through pharynx and
intestine. B. Camera-lucida drawing of the pharynx and associated glands. Scale
bars: A=100 μm, B=50 μm. CM: circular muscles, FP: food particles, GS:
granular secretion, In: intestine, LD: lipid droplets, LM: longitudinal muscles, N:
nucleus, Oe: oesophagus, PhG: pharyngeal glands, PhL: pharyngeal lumen, RM:
radial muscles, S: septum.
Fig. 6. Syndesmis kurakaikina n. sp., reconstruction
of the female reproductive system from a sagittally
sectioned specimen. Male reproductive system
omitted. Scale bar: 100 μm. B: bursa, BC: bursal canal
(simpliﬁed), BV: bursal valve, CGA: common genital
atrium, DC: ductus communis, EC: egg capsule, IC:
insemination canal, In: intestine, FA: female atrium,
FG: ﬁlament glands, Gp: gonopore, MA: (entrance to)
male atrium, Ov: ovary, SRa: anterior part of seminal
receptacle, SRp: posterior part of seminal receptacle,
U: uterus, Vit: vitellaria.
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the vitellaria are two lobulated ovaries (Figs. 3, 6 and 7: Ov), each
consisting of one main trunk, which extends laterally a short distance
and divides into three short lobes.
The seminal receptacle is lined by a thin epithelium and consists of
an anterior and a posterior region (Figs. 6 and 7: SRa and SRp). The
former is oriented anteroventrally and is composed of several smaller
compartments ﬁlled with sperm. Here, multiple large, granular secre-
tory cells occur (Fig. 6: SRa). The posterior region is almost spherical
and is also ﬁlled with sperm cells (Figs. 6 and 7: SRp). No musculature
was observed around the seminal receptacle. A short, sclerotised in-
semination canal (4–5 μm in diameter; X¯=4 μm, s=0.3 μm, n= 5)
connects the posterior end of the seminal receptacle to the ventral side
of bursa (Fig. 6: IC), where it ends in a sclerotised bursal valve (Fig. 6:
BV). The valve measures± 25 μm in height and projects into the bursal
cavity. The bursa appears as a large slightly lobed structure in the hind
end of the body (Figs. 6–8: B). It is positioned posteriorly to the seminal
receptacle (Fig. 6). In all observed specimens, the bursa contains a
dense mass of partially digested sperm cells (Fig. 6). Numerous small
nuclei are scattered throughout the thick bursal tissue. From the bursal
valve, another sclerotised canal originates: the vagina (Figs. 6 and 8: V).
From whole-mounted specimens, it is clear that this duct is very long
and tightly coiled onto itself. However, as is often the case for sclero-
tised structures, it consistently shattered during sectioning, making it
impossible for us to trace it in its entirety. Distally, the vagina connects
to the female atrium (Figs. 6 and 8: FA). The latter is a simple ovoid
cavity, lined with high, folded epithelium, giving the appearance of
cilia. It enters the common genital atrium on the dorsal side (Figs. 6 and
8: CGA).
Vitellaria, ovaries, and bursa all empty into a narrow, non-muscular
ductus communis (Figs. 6 and 7: DC). The last connects these three
organs to the uterus (Fig. 6). Generally, this duct is only faintly visible
and it could only be completely traced and measured in a single spe-
cimen. In that specimen, the ductus communis is± 370 μm long.
The uterus is situated medioventrally (Figs. 6 and 8: U). The anterior
end is expanded and can contain an amber coloured egg capsule (Figs. 3
and 6: EC). This capsule is usually situated in the ﬁrst body half (as in
Fig. 3) but in some specimens, it lies more to the caudal end of the body.
Egg capsules are 139–168 μm long ( X¯=152 μm, s=11.5 μm, n=19)
and 108–148 μm ( X¯=123 μm, s=10.9 μm, n= 19) broad. SEM re-
vealed that egg capsule bulbs are completely smooth, lacking any
structural pattern (Fig. 9A–C). Egg capsule shells are approximately
3 μm thick (Fig. 9G). Each capsule has a long, usually tightly coiled
ﬁlament (± 7mm), with a woven, porous structure in anterior parts
(Fig. 9D) and a smoother surface overlaid with ridges in posterior parts
(Fig. 9E). In a small number of specimens, the ﬁlament is considerably
shorter and/or uncoiled. The egg ﬁlament's distal end is slightly ex-
panded. Filament glands are numerous and occupy the major part of the
last body third (Figs. 6 and 8: FG). They all empty separately into the
distal end of the uterus. The uterus connects to the common genital
atrium on its ventral side (Fig. 8).
Two elongate, follicular testes are positioned ventrolaterally, ex-
tending from the hind end of the pharynx to approximately 2/3 of the
body length (Fig. 10: T). They consist of multiple lobes and are ﬁlled
with sperm cells at diﬀerent stages of development. Mature sperm cells
occur throughout the whole testis but are most commonly found in the
middle region. From here, two wide sperm ducts, ﬁlled with mature
sperm cells, depart (Fig. 10: SD). Conspicuous glandular tissue sur-
rounds the base of these ducts. The ducts brieﬂy coil dorsally before
uniting with one another, after which the resulting duct runs laterally
before bending sharply towards the anterior body end. From his point
onwards, it rapidly becomes narrower, its diameter decreasing gradu-
ally from approximately 50 μm proximally to a mere 10 μm more dis-
tally. At about 25% of the body length, the duct bends sharply back-
wards and subsequently unites with the sperm duct from the opposing
testis, before entering the seminal vesicle (Fig. 10: SV). The latter is a
slender structure ﬁlled with sperm cells and surrounded by well-de-
veloped outer circular and inner longitudinal muscle layers. Its dia-
meter gradually decreases distally, continuing as the ejaculatory duct
(Fig. 10: ED).
The ejaculatory duct is a long canal ﬁlled with sperm (Fig. 10: ED).
It is lined with a high epithelium and an inner longitudinal and an outer
circular muscle layer. Distally, this duct empties into a long sclerotised
stylet (Figs. 8, 10 and 11: St). The stylet is a slender tube which stains
light blue with haematoxylin (Fig. 8: St). The proximal end is funnel
shaped (Fig. 11) and it is positioned in the second body half, at ap-
proximately 2/3 to 3/4 of the total body length. Distally, the stylet
terminates in an open, slightly ﬂared tip. The stylet measures between
845 and 1121 μm (X¯=984 μm, s=98.7 μm, n=18) in length, about
40–50% of the total body length. It is enclosed in the male atrium, from
where it can protrude into the common genital atrium, and (at least in
compressed specimens) outside the body through the gonopore (as in
Fig. 3). In most whole-mounts, the stylet is coiled inside the body and
describes one or two sharp bends or loops (as in Fig. 11).
The male atrium is an elongate narrow duct, lined by a folded
epithelium (Figs. 8 and 10: MA). Both the atrium as well as the eja-
culatory duct and the seminal vesicle are lined by a thin continuous
sheath (Fig. 10). Just before the base of the stylet the epithelium folds
Fig. 7. Syndesmis kurakaikina n. sp., sagittal section through parts of the female
reproductive system. Scale bar: 50 μm. B: bursa, DC: (entrance to) ductus
communis, In: intestine, Ov: ovary, SRa: anterior part of seminal receptacle,
SRp: posterior part of seminal receptacle, Vit: vitellaria.
Fig. 8. Syndesmis kurakaikina n. sp., sagittal section through posterior body end,
at genital pore. Scale bar: 50 μm. B: bursa, EF: egg ﬁlament, FA: female atrium,
FG: ﬁlament glands, CGA: common genital atrium, Gp: gonopore, MA: male
atrium, St: stylet, U: uterus, V: vagina.
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back onto itself, where it attaches to the stylet. This folded part of the
epithelium is comparatively tall. Several indistinct thin muscle ﬁbres
are present in this area. Although diﬃcult to diﬀerentiate, they seem to
attach to the inner side of the epithelial ‘fold’, apparently connecting it
to the base of the stylet and to the epithelium surrounding the ejacu-
latory duct and male atrium.
The common genital atrium empties into a single, terminally posi-
tioned gonopore (Figs. 6 and 8: CGA). No muscles are present around
this opening. The genital atrium is a spacious, tubular cavity,
107–168 μm long ( X¯=145 μm, s=28.4 μm, n=5) and 48–62 μm
wide ( X¯=57 μm, s=5.7 μm, n= 5), with one outlier of
217 μm×71 μm. It is lined by high epithelial cells (Figs. 6 and 8). Each
cell displays numerous protrusions that extend into the genital atrium,
giving the impression of very long cilia. Epithelial nuclei are large and
round here: they have a diameter of 4–5 μm and occur just apically from
the basement membrane. Uterus, male atrium, and female atrium all
empty into the common genital atrium (Figs. 6 and 8).
3.2. Preliminary observations of reproduction in Syndesmis kurakaikina n.
sp.
High numbers of adult endosymbionts were able to survive in-
cubation in AFSW after removal from the gut of E. chloroticus.
Flatworms incubated at 11.0, 14.5, and 18.0 °C had a survival rate
of> 95% at the end of the four-day incubation period. Survival at
higher temperatures was impaired after four days: at 21.5 °C, the
Fig. 9. Egg capsules of Syndesmis kurakaikina n. sp. A. Entire capsule bulb overlaid by part of the long ﬁlament. B. An egg capsule bulb in its entirety. C. Surface of
capsule. D. Anterior and E. posterior parts of the egg ﬁlament. F. Anterior side of an egg capsule with hatching sutures just prior to opening. G. Broken capsule shell.
Scale bars: A-B=50 μm, C=10 μm, D-E= 5 μm, F=20 μm.
Fig. 10. Reconstruction of the male reproductive
system from a sagittally sectioned specimen of
Syndesmis kurakaikina n. sp. Intestine and female
reproductive system omitted. Stylet not drawn in its
entirety. Scale bar: 200 μm. CGA: common genital
atrium, ED: ejaculatory duct, Gp: gonopore, MA:
male atrium, T: testis, SD: sperm duct, St: stylet, SV:
seminal vesicle.
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average rate of survival reduced slightly to 92.5 ± 4.10% by Day 4;
and at 25.0 °C, the average survival rate reduced to 81.3 ± 6.76% by
Day 3 and 73.8 ± 8.79% by Day 4 (Mean ± SE).
Egg capsules are produced inside the uterus one at a time (Fig. 12A)
and are released via the gonopore (Fig. 12B). The number of egg cap-
sules laid in each vial (by four endosymbionts after four days incuba-
tion) diﬀered signiﬁcantly with temperature (ANOVA, F(4,64) = 22.44,
P < 0.001) and with season (ANOVA, F(3,16)= 7.86, P=0.002) but
with a signiﬁcant interaction eﬀect between temperature and season
(ANOVA, F(12,64) = 2.06, P= 0.032, see below). In general, as
temperature increased, so did egg-capsule production (Fig. 13), with
the highest output at 25 °C in the spring experiments (mean 8.2, range
5–16 per vial). However, these patterns were complex, with both season
and the urchin from which the endosymbionts were sourced aﬀecting
capsule production (Clark, 2017, unpublished Honours Dissertation).
On average, capsules were produced every 24, 14, 9, 5, and 3 days at
Fig. 11. Stylet of Syndesmis kurakaikina n. sp. A. Projection of 36 interference-
contrast photographs at diﬀerent focal depths. B. Camera-lucida drawing of this
stylet. Scale bar: 50 μm.
Fig. 12. Syndesmis kurakaikina n. sp. A. Mature spe-
cimen. B. Posterior end of live mature specimen in
the process of laying an egg capsule. C. Entire egg
capsule, showing the bulb containing two embryos
and the long ﬁlament. D. Opened, empty egg capsule
post-hatching after two weeks incubation at 21.5 °C.
E-G. Photomicrographs showing the development
from eggs (after one week incubation, E), through
zygote (after two weeks incubation, F) to fully de-
veloped embryo (after four weeks incubation, G) in
an egg capsule from the 14.5 °C treatment. H–I. Non-
viable (H) and deformed (I) egg capsules from the
25 °C treatment. E: egg, EC: egg capsule, EF: egg ﬁ-
lament, Em: embryo, Gp: gonopore, Ph: pharynx, Vit:
vitellaria, Z: zygote. Scale bars: A= 1mm,
B–C=100 μm, D-I= 50 μm.
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Fig. 13. Number of egg capsules produced by four specimens of Syndesmis
kurakaikina n. sp., when incubated at ﬁve diﬀerent temperatures (11.0, 14.5,
18.0, 21.5, and 25.0 °C). Endosymbionts were collected at four diﬀerent times
throughout the year (autumn, early winter, late winter and spring). 95% con-
ﬁdence intervals are provided.
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temperatures of 11.0, 14.5, 18.0, 21.5, and 25.0 °C, respectively.
Viable capsules always contained two embryos (Fig. 12C, E-G) but it
was common that egg capsules contained no viable embryos and/or had
embryos in a deformed state (Fig. 12H and I). No viable capsules were
seen at 25.0 °C in any of the seasons and at 11.0 and 14.5 °C, moving
embryos were only seen in the early-winter experiment. With the
qualiﬁcation that we are testing for viability in an un-natural situation
(in vitro in non-gut ﬂuid), temperatures suitable for viable development
appear to be restricted to 18.0 and 21.5 °C.
Hatching could be induced in egg capsules with sea urchin intestinal
ﬂuid but only in capsules produced and incubated in vitro at 18.0 and
21.5 °C. There was no evidence of spontaneous hatching in seawater.
When embryos hatch out of the capsules, the front quarter to third of
the capsule shell breaks apart along hatching sutures, which only be-
come visible at the onset of the hatching process (Fig. 12D).
4. Discussion
4.1. Taxonomic work
4.1.1. Taxonomic position
The species described here shows all character traits of Umagillidae
Wahl, 1910, put forward by Wahl (1910) and Stunkard and Corliss
(1951): rhabdocoels with an endosymbiotic lifestyle in an echinoderm
(or sipunculid) host; lacking rhabdites, a rostrum, dermal or adhesive
glands and eyes; pharynx doliiformis positioned in the ﬁrst 1/3 of the
body; simple unbranched intestine; well-developed brain; one gono-
pore, terminal; testes and ovaries paired or unpaired; vitellaria paired,
large and usually branched; testes for the large part positioned behind
the pharynx; seminal vesicle present; copulatory organ with or without
sclerotised structures; two separate connections between the female
reproductive organs and the genital atrium (ductus communis and va-
gina); uterus a simple protrusion of the common genital atrium.
The presence of two testes indicates that the species belongs to
Umagillinae Wahl, 1910. The original diagnosis of this subfamily was
also expanded by Stunkard and Corliss (1951) and now encompasses all
umagillids with an oval or elongate body, a saccate or tubular intestine,
paired testes, follicular and branched vitellaria, and a ductus communis
that enters the common genital atrium ventral or anterior to the male
atrium. Syndesmis kurakaikina n. sp. corresponds in all respects to this
diagnosis, placing the species indisputably within Umagillinae.
Umagillinae found living inside the intestine or coelomic cavity of
echinoids typically have been assigned to either Syndesmis or
Syndisyrinx Lehman, 1946. Unfortunately, taxonomic literature con-
cerning these genera has become confusing. This is due to a combina-
tion of various misidentiﬁcations and misspellings, incomplete or in-
adequate species descriptions, and opposing opinions on the diagnostic
value of diverse morphological traits. One of the most heavily discussed
issues has been the validity of Syndisyrinx. We concur with Marcus
(1949) in considering Syndisyrinx a synonym of Syndesmis, as did
Stunkard and Corliss (1951), Hyman (1960), Jondelius (1996), and
Doignon and Artois (2006). As such, Syndesmis contains all echinoid-
infecting rhabdocoels. Today, the genus encompasses 27 valid species,
including the one described in this contribution, and ﬁve undescribed
species, making Syndesmis the largest genus of Umagillidae (McRae,
1959; Westervelt and Kozloﬀ, 1990; Doignon and Artois, 2006; Brogger
and Ivanov 2010; Brusa et al., 2017). A comprehensive overview can be
found in the WoRMS database (Tyler et al. 2006–2019; WoRMS
Editorial Board, 2019) and a review of the genus has recently been
published by Cavaleiro et al. (2018).
Unsurprisingly in view of the above, taxonomical accounts on
Syndesmis disagree on the diagnosis of the genus, often including
character traits of arguable taxonomical value; the most-debated one
being the presence of a bursal valve (e.g., Lehman, 1946; Cannon, 1982;
Gevaerts et al., 1995). Generally, identiﬁcation of specimens as Syn-
desmis is based on an echinoid host species and the presence of a very
long, often tightly coiled egg ﬁlament, a simple, funnel-like stylet, nu-
merous ﬁlament glands in the rear end of the body, paired vitellaria,
and ovaries and testes in more or less discrete pairs (e.g., Hertel and
Duszynski, 1991; Brusa et al., 2017). The internal morphology of our
species conforms to all of these character traits, which justiﬁes inclu-
sion in Syndesmis.
4.1.2. Taxonomic remarks and comparison to other species of Syndesmis
Syndesmis kurakaikina n. sp. is similar in the overall organisation of
its internal morphology to its congeners. It can easily be distinguished
from most other species of Syndesmis by its particularly long, sometimes
distinctly coiled stylet. All other species of Syndesmis possess straight
(or sometimes slightly arched) stylets, making this the ﬁrst species to
display pronounced loops (see Fig. 11). The only known species
showing a similar stylet length are S. albida Kozloﬀ and Westervelt
(1990) and S. collongistyla Marcus (1949).
Syndesmis albida, found in the intestine of Echinus esculentus
Linnaeus, 1758 (Echinidae) in France and the United Kingdom (Kozloﬀ
and Westervelt, 1990) has a comparable stylet length of up to 1mm.
However, the position of the stylet is diﬀerent: in S. albida, the stylet
originates very far anteriorly, approximately at one-third of the body
length. In our specimens, the stylet base is situated at approximately 2/
3 to 3/4 of the body length, regardless of whether the stylet is extended
or coiled inside the body. In addition, Kozloﬀ and Westervelt (1990)
mention the presence of a sclerotised ‘cup’ enclosing the distal part of
the stylet in S. albida, which is absent in our specimens. Live specimens
of S. kurakaikina n. sp. can readily be distinguished from S. albida by
their prominent, bright-red colour, as opposed to the white to pale pink
shade of the latter species. In addition, the anteriormost branches of the
vitellaria are notably shorter in S. albida, while all branches reach ap-
proximately the same length in our specimens. Testes in S. kurakaikina
n. sp. are very long, extending from the pharynx to approximately 2/3
of the body length and completely overlapping with the vitellaria. In S.
albida, testes appear much more compact and only reach the anterior-
most part of the vitellaria. Furthermore, testes are more or less conﬁned
to the lateral body margins in S. albida, which is not the case for S.
kurakaikina n. sp. Finally, egg capsules are notably wider in S. albida,
being ‘usually 180–190 μm wide’ (Kozloﬀ and Westervelt, 1990), as
opposed to an average of 122 μm in our specimens.
Syndesmis collongistyla is known exclusively from Caribbean waters,
where it has been collected from the intestine of ﬁve diﬀerent species of
echinoids (Hertel and Duszynski, 1991; Doignon and Artois, 2006). It
diﬀers from S. kurakaikina n. sp. in the shape and position of the testes:
in S. collongistyla these are small and globular and they are positioned
rostral to the vitellaria, while in S. kurakaikina n. sp. the testes are more
elongate and overlap completely with the vitellaria. Furthermore, the
entire epidermis is ciliated in S. collongistyla, while in our specimens
ciliation is almost entirely limited to the ventral side.
From the above it is clear that the specimens we studied belong to a
new species: Syndesmis kurakaikina n. sp. So far, three species of
Syndesmis have been described from Oceania: S. cannoni Jondelius
(1996); S. pallida (Hickman, 1956) Marcus (1949); and S. punicea
Hickman (1956). Syndesmis cannoni is known exclusively from its type
host Ammotrophus arachnoides (Clark, 1938) Mortensen (1948) (Cly-
peasteridae) in Western Australia, and has not been recorded again
since its original description. Likewise, S. pallida and S. punicea have not
been found again since their initial recording in Tasmania. Syndesmis
pallida has also only been retrieved from the intestine of its type host,
Echinocardium cordatum Pennant, 1777 (Loveniidae), and S. punicea has
been found in two diﬀerent urchin species: Heliocidaris erythrogramma
(Valenciennes, 1846) Mortensen, 1943a (Echinometridae) and Am-
blypneustes ovum (Lamarck, 1816) Mortensen, 1943b (Temnopleuridae).
As mentioned in the introduction of this study, Syndesmis-like ﬂat-
worms have been reported from E. chloroticus by McRae (1959), Dix
(1970), and James (2007). To our knowledge, no preserved material of
these specimens exists and only a very limited characterisation of the
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specimens was provided by McRae (1959). The ﬂatworm observed by
McRae (1959) does seem to share some morphological traits with S.
kurakaikina n. sp., including a bright-red colour and a comparable body
length and width. McRae's specimens seem to diﬀer from S. kurakaikina
n. sp. in overall body shape, as none of our specimens appears concave.
Arguably, this could be attributed to diﬀering ﬁxation methods but no
details were provided in his work. In addition, infection intensity for
our species is up to two orders of magnitude higher than the two to
three specimens per host McRae reported. With the data available it
cannot be determined whether the specimens retrieved by these authors
belong to S. kurakaikina n. sp.
It is also worth mentioning here that the anterior, ciliated in-
vagination is similar to the sensory pits described for Syndesmis selknami
Brusa et al. (2017) (although these pits are located dorsally). The food
particles we observed are likely to be ciliate protozoans, which are
known to occur in the intestine of E. chloroticus (Dix, 1970). Various
ciliate species have been shown to constitute the diet of other species of
Syndesmis (Jennings and Mettrick, 1968; Mettrick and Jennings, 1969;
Holt and Mettrick, 1975). Finally, the slight expansion at the posterior
end of the egg ﬁlament is similar to what has been reported for S. ae-
thopharynx Westervelt and Kozloﬀ (1990) (Monnens et al., 2017), S.
selknami, and S. aonikenki Brusa et al. (2017).
4.1.3. Diagnosis
Syndesmis kurakaikina n. sp.: bright-red species of Syndesmis, in-
festing the intestine of Evechinus chloroticus. Ventral epidermis ciliated
except over the posterior 1/10 of the body. Dorsal epidermis devoid of cilia
except over the ﬁrst 1/10 of the body. Stylet usually coiled inside the male
canal, measuring 845 – 1121 μm ( X¯=984 μm, s= 98.7 μm, n= 18),
40–50% of the total body length. Stylet base positioned in the second body
half. Paired ovaries, each with three lobes. Paired vitellaria, each with six to
eight main trunks. Elongate, paired testes, extending from the hind end of the
pharynx to 2/3 of the body length. Two wide sperm ducts originating from
the centre of each testis, each brieﬂy running towards the anterior before
uniting with its counterpart.
4.2. Reproductive characteristics
Our preliminary experiments have shown that adult S. kurakaikina
n. sp. can be removed from the host, cultured short-term (4-days) in
AFSW with high survivability, and can produce egg capsules over a
wide range of temperatures (11.0–25.0 °C). Observed in vitro egg pro-
duction rates of one capsule every 6.9 days of this species (averaged
across temperatures) are comparable to those of the few other uma-
gillids that have been studied, although in the lower part of the spec-
trum documented for endosymbiotic ﬂatworms, including those with
complex (cestodes and digeneans) and simple (monogeneans and tur-
bellarians) life cycles (Whittington, 1997). A similar production rate of
one capsule every 7.6 days was reported by Shinn (1983a) in Syndesmis
franciscana (Lehman, 1946) Marcus (1949), when kept at local seawater
temperatures (8–12 °C). In similar conditions, a higher production rate
of approximately one capsule per day for small and nine per day for
larger specimens has been observed in the sea cucumber infesting
umagillid species Anoplodium hymanae (Shinn, 1983a, 1985).
Viable capsules of S. kurakaikina n. sp. consistently contained two
embryos; lower than in S. franciscana, in which up to six embryos de-
veloped within one capsule (Shinn, 1983b), and in A. hymanae, which
predominately contained only one zygote (Shinn, 1985). Egg capsules
of S. kurakaikina n. sp. also diﬀer in size and structure from those
previously described: at 125 μm long and 85 μm wide (measured on live
specimens), these capsules are approximately half the size of S. fran-
ciscana capsules and of similar size to medium sized capsules of A.
hymanae, which vary from 75 to 250 μm in length and 45–97 μm in
width (Shinn, 1983b, 1985). It is, therefore, likely that the number of
embryos incorporated in capsules of umagillids is related to the cap-
sule's size. The outer surface of capsules in the Syndesmis kurakaikina n.
sp. is completely smooth, unlike those of previously studied species, in
which surfaces are covered with lines, verrucae or ridges (Shinn, 1983b,
1985).
Development to the moving and hatching stage within the four-
week study period was largely conﬁned to capsules incubated at 18.0
and 21.5 °C, with the exception of a few capsules from the late winter
and early spring that developed at cooler temperatures. Within these
moderate temperatures, approximately half of all embryos reached the
moving stage after one week and an average of 84% after two weeks.
The majority of embryos had, therefore, reached what is probably the
fully developed stage after 14 days, which is considerably sooner than
the times reported for S. franciscana (45–50 days) or A. hymanae (30–35
days) at much cooler temperatures (Shinn, 1983a, 1985). Detailed
analysis of development times in S. kurakaikina n. sp. will require im-
provement of the culturing methods used here to allow for individual
culture of egg capsules.
In agreement with the description of the hatching process in S.
franciscana (Shinn, 1983a) and A. hymanae (Shinn, 1985), hatching in
S. kurakaikina n. sp. was induced by ﬂuid from the anterior part of the
urchin intestine only in capsules which contained live embryos at a
fully developed stage. We found no evidence for spontaneous hatching
in seawater as noted by Shinn (1986) in the crinoid-infecting Fallaco-
hospes inchoatus Kozloﬀ (1965) (Bicladinae, Umagillidae). The sponta-
neous hatching in F. inchoatus is thought to be an adaptation to the
hosts’ feeding mechanism, as dense egg capsules settle to the bottom
quickly and provide limited chance for re-infection in the water column
(Shinn, 1986). With E. chloroticus being a benthic grazer, it is, therefore,
logical for infective stages of S. kurakaikina n. sp. to resemble those of
endosymbionts of other benthic feeding echinoderms such as S. fran-
ciscana and A. hymanae and hatch in contact with the internal ﬂuids of
their host.
Temperature is an important environmental factor in determining
both fecundity and developmental timing in S. kurakaikina n. sp. The
increased in vitro fecundity observed with increasing temperatures is in
accordance with the results of studies targeting monogenean ﬁsh
parasites (Tubbs et al., 2005; Lackenby et al., 2007; Hirazawa et al.,
2010; Turgut et al., 2011; Brazenor and Hutson, 2015). We do note,
however, that the in vitro rate of capsule production reported here may
diﬀer from that of the worms in their natural environment — particu-
larly as ﬂatworms were deprived of feeding opportunities and therefore
became progressively more starved throughout the duration of the in-
cubation period (Whittington, 1997). Other studies, such as Shinn
(1983a), found very little diﬀerence between capsule production rates
in vitro and in vivo for S. franciscana. However, even if in vitro and in vivo
rates diﬀer in S. kurakaikina n. sp., the overall trend of a positive re-
sponse in fecundity to higher temperatures observed here (Fig. 13) is
likely a good indicator of the eﬀect temperature will have in nature.
These ﬁndings highlight the potential for increased infection risk of
urchins during warmer times of the year or in years with higher overall
temperatures when S. kurakaikina n. sp. may be able to complete an
increased number of life cycles each year.
A temperature of 25.0 °C may, however, be an upper threshold for
successful reproduction in S. kurakaikina n. sp. No viable or hatched
embryos were observed at 25.0 °C and the embryos present were fre-
quently deformed. It may be that the high rate of capsule production
and release at this temperature is a stress response, with some capsules
being expelled from adult ﬂatworms prior to being fully formed.
Increased reproductive eﬀort in response to stressors that threaten an
organism's survival may be adopted as a strategy to increase the ﬁnal
contribution of oﬀspring to the next generation and has been observed
in various species (e.g., Barry, 1989; Brannelly et al., 2016). Since a
greater number of adult worms died when exposed to the 25.0 °C
temperature treatment, it is possible that increased egg-capsule pro-
duction was a terminal investment response by S. kurakaikina n. sp.
Overall, the results of this study suggest that the temperature op-
timum for S. kurakaikina n. sp. proliferation lies somewhere between
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18.0 and 21.5 °C, with decreasing performance in the range of
21.5–25.0 °C. We hypothesise that an increase in future seawater tem-
peratures due to global warming may increase the abundance and in-
tensity of infection in sea urchin populations. Future research will need
to determine the distance that egg capsules are dispersed from their
source host: if there is limited dispersal, then the source urchin might
re-infect itself, leading to higher endosymbiont loads; if dispersal is
more extensive, there may be the potential for infection of more distant
urchin populations. However, since the New Zealand sea urchin's ability
to function also becomes compromised at temperatures above 21 °C
(Delorme and Sewell, 2013, 2016), movement of the host away from
warmer zones would probably prevent its symbionts from being ex-
posed to temperatures beyond their optimum.
5. Conclusions
A new species of Syndesmis is formally described from the New
Zealand sea urchin Evechinus chloroticus (Echinometridae). This species,
named S. kurakaikina n. sp., was found infesting the intestines of E.
chloroticus in high infection intensities. It is the fourth species of
Syndesmis from Oceania. Among other morphological traits, S. kur-
akaikina n. sp. can easily be distinguished from its congeners by the
unique combination of an unusually long (~1mm) coiled stylet and a
bright-red colour. In addition, we present an overview of the diﬀerent
life stages of S. kurakaikina n. sp. and the timing of its life cycle across a
range of temperatures. Syndesmis kurakaikina n. sp. has moderate fe-
cundity levels and short development times compared to other uma-
gillids. Although variable between seasons and individuals, its in vitro
fecundity and the timing of early development were shown to increase
signiﬁcantly with increasing temperature up to 21.5 °C, thus high-
lighting the species’ increased proliferation potential in years of unu-
sually warm seawater temperatures. Although embryonic development
was compromised at 25.0 °C, S. kurakaikina n. sp. is unlikely to be ex-
posed to temperatures this high, as these are above the thermal limit of
the host.
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